Tantalate samples, supposedly of the columbite group, were collected in the Borborema Pegmatitic Province, aiming to test the Mn/(Mn+Fe) and Ta/(Ta+Nb) ratios as geochemical indicators of pegmatite fractionation. Surprisingly, preliminary microprobe data allowed recognizing some species, so far unknown in the Province, namely titanian ixiolite, fersmite, brannerite, strüverite, natrobistantite, plumbo-and stibiomicrolite, plumboand uranpyrochlore. The identification of these exotic tantalates with unusual composition, in addition to its distribution in several pegmatites, far from the classical Alto do Giz and Seridozinho pegmatites, indicate that the elevated degree of fractionation is not restricted to these two occurrences but may be reached in other pegmatite areas of the Province. It indicates also that this degree of fractionation may be very variable between pegmatites in small areas. The zoning patterns observed in the titanian ixiolite, with Ti and Nb enrichment at the borders at expense of Ta enriched in the core, are also quite unusual and reverse in comparison with the normal trend of progressive Ta and Mn enrichment in tantalates with the degree of fractionation. A similar ''reverse'' trend was observed in titanian wodginite of petalite/pollucite bearing pegmatites of the Separation Rapids Province in Ontario, Canada.
INTRODUCTION
The Borborema Pegmatitic Province (BPP) approximately overlaps the eastern and southeastern part of the Neoproterozoic Seridó Foldbelt, between 6 • and 7 estimates of the pegmatites range between 450 and 510 Ma (Ebert 1969 -U/Pb in uraninite, Almeida et al. 1968 , -Rb/Sr and K/Ar in muscovite). According to Da Silva et al. (1995) , there were registered about 1,500 pegmatite occurrences. Several hundreds of them were known worldwide since the 1940ies because of its important Ta, Li, Be production and also as producers of beautiful specimens of exotic tantalate species, some of them referred in the literature as type locality, such as the Alto do Giz for Simpsonite, Natrotantite, Alumotantite, Parabariomicrolte and Seridozinho for Staringite, Raposa pegmatite for Tantalaeschynite-Y and the Quixaba pegmatite for Fluornatromicrolite (Atêncio 2000) .
In contrast with this importance, systematic and detailed studies on Ta-Nb bearing minerals of the BPP are very scarce and restricted to a few authors (e.g. Johnston Jr. 1945 , Rolff 1946 , Adusumilli 1978 , 1986 , 1992a , e, Burke et al. 1969 , 1970 . More recent studies lack completely.
During the sampling for fluid inclusion (Beurlen et al. 2001 ) and lithogeochemistry studies of the Quintos pegmatite in the BPP some ''black ore'' minerals, supposed to be of the tantalitecolumbite group accidentally found, were also collected and examined, aiming to determine the Mn/ (Mn+Fe) and Ta/(Ta+Nb) ratios, and to check their utility as indicator of the degree of fractionation of the hosting pegmatite. Surprisingly the petrographic examination of some polished sections allowed the recognition that the ore was composed of several different phases instead of single columbite or tantalite crystals. Preliminary microprobe (EMP) and scanning electron microscope (SEM) analyses revealed compositions matching approximately those of very titanium rich ixiolites or wodginites, niobian rutile, brannerite and natrobistantite. Taking in account that among these minerals only one occurrence of niobian rutile was known in the BPP, these samples were submitted to a more detailed examination together with a series of samples from other seventeen pegmatites.
MATERIALS AND METHODS
The samples of the Boqueirão, Quintos and Capoeiras pegmatites referred to in this study were collected by the authors. In these cases the exact location and paragenetic position of the minerals in the structure of the host pegmatites are known. The samples of the Corredor and Serraria pegmatites were obtained directly from miners and ''garimpeiros'' (precious stone seekers) at the entrance of the mine excavations, so the exact location can only be induced in those cases where the tantalates are still part of a larger sample with other pegmatite minerals. In the case of samples from other pegmatites the provenance was informed by garimpeiros and mineral dealers.
In a first step polished sections of 30 samples from 17 pegmatites were studied petrographically and X-ray diffractograms were obtained. Those samples where the X-ray diffractograms and/or the petrographic characteristics indicated the presence of phases other than normal columbite/tantalite or cassiterite, were submitted to more detailed analyses by electron microprobe (EMP) and/or scanning electronic microscope (SEM). During this procedure, in addition to the new tantalate species focused in this paper, it was possible to identify six new occurrences of ferrotapiolite, two of ferrowodginite and two of niobian rutile. These findings are a clear indication that a systematic study of the ''blak ores'' in the BPP is still of great interest.
The X-ray diffractograms were obtained using a D 5000 Siemens X-ray Diffractometer and a CuKa tube in the Department of fundamental Chemistry of the Federal University of Pernambuco.
Preliminary EMP analyses were obtained with a JEOL JXA 8600 at 20 kV, 40 nA, acquisition times of 20 seconds for major, 30 for minor and 40 seconds for trace elements and the following standards: TiO 2 (Ti Kα), Nb (Nb Lα), Ta (Ta Mα), Sn (Sn Lα), Anorthite (Al Kα), Olivine (Fe Kα), Wolastonite (Ca Kα), Spessartite (Mn Kα), Bi (Bi Mα), in the EMP lab of the University of São Paulo (USP). et al. 1981 and Brito Neves et al. (1995) , displaying the extension of the Borborema Pegmatitic Province and the situation of the pegmatites referred to in the text.
Follow up EMP analyses were obtained at the GeoForschungsZentrum Potsdam-Germany, using a Cameca SX 50 EMP at 20 kV and 40 nA using the following standards: albite, apatite (Durango), flu- The SEM analyses were obtained at the University of Campinas São Paulo using a SEM leo 430i, Cambridge, EDS mod. Cat. B, using the following working conditions: 20 Kv, 30 seconds acquisition time, using the following standards: Ercit et al. 1992b, c) by trial and error until the cation sum reached the value of 12.0000 ± 0.0002. The pyrochlore group minerals were normalized to a cation sum of 8 in the B (Nb, Ta, Ti, Sn, W, Si, P, Al) site.
MINERAL PETROGRAPHY AND CHEMISTRY
Brannerite (UTi 2 O 6 ) was identified in a sample of the transition between the border zone and zone II (wall zone) of the Quintos Pegmatite, intruded in the quartzites of the Equador formation. The contact (border) zone of this pegmatite is formed by albite, quartz and comb textured black tourmaline (dravite) with subordinated apatite, muscovite, magnetite, ilmenite and garnet. Zone II is composed of quartz, albite, white mica and perthitic microcline, with subordinated garnet and tourmaline ( Figure 2 ). The brannerite was found as a single grain enclosed in quartz and in part by white mica, a few cm far from an aggregate of lamellar to tabular crystals of titanian ixiolite. The rounded, isometric grain of brannerite is about 4 mm large in diameter, presents a dark brownish to black color and peaty luster. A brownish halo in the quartz around the grain and its conchoidal fracture led to the suspicion of its metamictic nature, reinforced by the observation in polished section under microscope of an internal collomorphic to nodular microtexture and strong variation of reflectivity. Weak brownish internal reflections are also observed and no apparent anisotropism. The small size of the grain and the metamictic character precluded the acquisition of a good diffractogram. The chemical composition matches the values referred to by Antony et al. (1997) with about 56 wt% UO 2 and 23-27 wt% TiO 2 , as main constituents, and minor amounts of, Fe, Ca, Th, Pb, Mn and Ce (Table I) . While this well individualized grain according to its convex form against quartz and mica can be considered as primary-magmatic in origin, a very small, 20 micra sized grain was observed in a fracture within a titanian ixiolite crystal as product of hydrothermal alteration, together with hematite, uranmicrolite and uranpyrochlore ( Figure 3D ).
Titanian ixiolite {(Mn, Fe, Ta, Nb, Sn, Ti) 4 O 8 } is the tentative identification of several small idiomorphic tabular crystals up to 2 by 4 by 10 mm in size, found a few centimeter far from the previously described brannerite at the transition between the border zone and the wall zone (homogeneous pegmatite) of the Quintos pegmatite (Figure 2) . The mineral presents a metallic luster, dark grey color and irregular fractures without apparent cleavage. The examination of polished sections under microscope reveals a reflectivity very close, but slightly higher than that of manganocolumbite inclusions, more intensive anisotropy and internal reflections, and very similar polishing hardness. The effective distinction from manganocolumbite was assured only by the unusual composition obtained by microprobe analyses with TiO 2 , Nb 2 O 5 , Ta 2 O 5 and Fe 2 O 3 contents ranging from 14 to 52 wt%, 17 to 38 wt%, 11 to 43 wt%, and 17 to 24 wt% respectively. This large range in composition is observed in a single crystal that shows oscillatory compositional zoning with a general trend of enrichment of the heavy elements (Ta+Nb) in the core and of Ti and Nb in the rim (Fig. 4C , Table II ). These com- Fig. 2 -Sample from the border zone of the Quintos pegmatite with the enclosing quartzites at the bottom, followed by a first contact zone with quartz, albite and comb-textured black dravite growing perpendicularly from the wall to the interior of the pegmatite. Ixiolite and brannerite (arrows) occur in the beginning of the zone II (''wall zone''), which is formed by albite quartz and subordinated K-feldspar, muscovite, and dravite. Apatite, zircon and garnet are small grain-size accessory minerals in both zones.
positions, in a triangular plot of Ti, Sn vs. Fe, Mn vs. Nb, Ta (apfu) lie along a linear trend between usual niobian rutile, titanowodginite and titanian ixiolite compositions, filling a gap observed by Uher et al. (1998a Uher et al. ( ) andČerný et al. (1998 , between naturally coexisting niobian rutile and titanian ixiolite or titanowodginites. The X-ray diffractogram presents a pattern with a few peaks similar to, but slightly dislocated from the main peaks of the type ixiolite, titanowodginite and columbite (Beurlen et al. 2003) . The main peaks of strüverite and niobian rutile are lacking completely, so these species can be eliminated (Fig. 5) . The cationic composition allows to eliminate the identification as a mineral of the wodginite group, because of low sums of elements in the A (Li, Fe, Mn) and C (Ta, Nb, W) sites. Ti values as high as in the studied case have never been observed in the columbite or wodginite family (Černý and Ercit 1985 , Ercit et al. 1992d , Aurisichio et al. 2002 , but are to low in comparison with those of niobian rutile and strüverite. So, the most probable and preliminary identification must be as an unusual high titanian ixiolite. The identification as a new mineral species can also not be discarded.
Unusual in this mineral is also the pattern of compositional zoning with enrichment of Ti and Nb Fersmite (CaNb 2 O 6 ) was observed only in polished sections, in fractures of the titanian ixiolite, or as syntaxial overgrowths on micro-radial aggregates of tabular crystals (ten by thirty micra sized), of Ca-Ti-bearing manganocolumbite (Fig. 3C) . The reflectivity of the fersmite lamellae in comparison with the columbite is clearly lower and the reflection pleochroism and internal reflections distinctly more intense. Several SEM spectra and an EMP analysis (Table I ) match perfectly those of fersmite data from the literature (Uher et al. 1998b , Antony et al. 1997 and are also almost identical to the ideal formula. The position in fractures, together with several minerals of the pyrochlore group (uranmicrolite, plumbo-and uranpyrochlore), ilmenohematite, hematite, clearly indicates the secondary origin of fersmite by a late stage of hydrothermal alteration usual in evolved pegmatites (Uher et al. 1998b) .
Natrobistantite (or Sodic-caesian-calcic bismutomicrolite, NBT from now on) was found in the Quintos Pegmatite within replacement pockets formed by lamellar albite and quartz aggregates, with sporadic idiomorphic pink to light blue zoned gemologic crystals of elbaite (the famous Paraíba tourmaline) and rare niobian rutile crystals. The NBT occurs as up to 5 mm sized irregular shaped grains, xenomorphic against albite and quartz, indicating a late formation. In polished sections and under the petrographic microscope they present a collomorphic to sphaerulitic internal microtexture and strongly -but gradually -variable reflectivity and polishing microhardness, due to its metamictic nature. The maximal reflectivity is lower than that of niobian rutile found in the same section, similar to ilmenite but, with slightly bluish gray reflection color. There is neither apparent pleochroism nor anisotropy. The chemical composition obtained by Figure 4C) in both, natrobistantite and IMA 1998-018, Na distinctly prevails over Ca. In the case of natrobistantite, important contents of Cs are also registered. In none of them manganese contents are referred to. So it seems that the composition that mostly approaches that of the focused case is that of natrobistantite. The status of natrobistantite, first identified and proposed by Voloshin et al. (1983) as an independent mineral species, is still not approved by IMA and questioned byČerný and Ercit (1989) as probably being a variety of bismutomicrolite. In the case of IMA 1998-018 the absence of Cs and important F contents standing for (OH) in the X site distinguish this species from usual NBT and also from the examined mineral. New analyses including F, Cs, and Th are still under way. If the classification of the pyrochlore group is applied strictly according to Hoggarth (1977) , the studied mineral should be identified as bismutomicrolite but, this would also be the case of the natrobistantite of Voloshin, as far as no crystal refinement distinguishing a peculiar structural type is available (Černý and Ercit 1989) . New and larger samples are necessary to obtain reliable X-ray data of the studied mineral.
Nevertheless, neither the occurrence of bismutomicrolite nor that one of natrobistantite is referred to in the most important mineralogical reviews on the BPP, beginning with the first and most complete one by Rolff 1946 , to the most recent ones by Da Silva (personal communication) and Soares (personal communication). The work byAdusumilli (1978) , specialized in tantalate mineralogy of the BPP, also does not contain any reference on bismutomicrolite or natrobistantite. During the present search there was found only one reference on bismutomicrolite in the Jacu and Baldino pegmatites of the BPP but, with the qualification of unconfirmed, in the site www.mindat.org./min-633.html (2003) .
Other minerals of the pyrochlore group in the Quintos pegmatite found in the present study, in contrast with the minerals described above, occur as microscopic grains and Cs 2 O films, products of late hydrothermal alteration in fractures of the titanian ixiolite described above. The compositions are very variable from grain to grain and frequently also along different crystal zones in the same grains. In the case of Quintos, both uranmicrolite and uranpyrochlore grains were identified. Uranpyrochlore was also found in fractures of manganocolumbite of the Serraria and Boqueirão pegmatites, and plumbo-and stibiomicrolite as alteration of simpsonite of the Alto do Giz pegmatite ( Figure 3F , Table I). While the occurrence of common microlite, uranmicrolite, bario-and parabariomicrolite is well documented in the literature (Rolff 1946 , Ercit et al. 1986 and many others) there is no reference on uranpyrochlore and plumbomicrolite in the BPP so far.
Strüverite is another mineral identified during tionation than previously supposed, based on lithogeochemical data (da Silva et al. 1995) as being of the beryl-columbite type. As a consequence, the occurrence of high grade pollucite (Cs) and/or petalite (Li) mineralizations in the province must be considered as a real possibility. Last not least an illustrative example of unexpected mineralization discoveries in pegmatite areas supposed to be well known, and the need to perform always more detailed research in such areas should be emphasized: the main pollucite producing pegmatites in the Separation Rapids pegmatite field were discovered only several decades after the knowledge of this and other pegmatite fields in the same province, and represent one of the most important source of Cs and Ta ores of the world today. It becomes also clear that much more detailed and systematic research has to be done on Ta-Nb-oxide mineralogy and geochemistry in the Borborema Pegmatite Province.
